Background
A prudent diet is recognized by the scientific and medical communities and the general public as being a fundamental part of healthy living. Historically, studies in nutrition and health have examined chronic disease risk in relation to a single nutrient or food.
1,2 However, because people eat meals comprised of a variety of nutrients and foods, studying individuals' complete diets, through their overall dietary pattern, more closely approximates real-world eating conditions. Recent literature reviews have summarized the evidence linking dietary patterns with chronic disease and mortality risk. [3] [4] [5] [6] Their findings suggest that dietary patterns characterized by a high consumption of processed, refined and fried foods and a low consumption of fresh fruit, vegetables and whole grains, are a modest to strong risk factor for chronic disease and mortality risk in both sexes. [3] [4] [5] [6] When studying the relationship between dietary patterns with chronic disease and mortality risk, it is important to realize that self-report biases in dietary measures can distort estimates of effect. 7, 8 It is also important to consider the potentially confounding effect of other lifestyle characteristics. Physical activity, for example, is related to both dietary patterns 9 and chronic disease risk. 10, 11 While most studies assessing the relation between dietary patterns and chronic disease risk have controlled for physical activity, the physical activity measures employed have been, without exception, based on self-reported questionnaires. Such measures of physical activity are only modestly correlated with objective measures obtained using criterion methods. [12] [13] [14] Thus, the potentially confounding effects of physical activity on the relation between dietary patterns and chronic disease risk may not have been fully captured in the existing literature. One approach to objectively determine a persons' recent physical activity level is to assess their cardiorespiratory fitness (hereafter referred to as fitness). 12, 15 The primary objective of this study was to assess the relationship between dietary patterns with mortality risk from all-cause and cardiovascular disease (CVD) while controlling for the potentially confounding effects of fitness. The secondary objective was to examine the combined effects of dietary patterns and fitness on mortality risk.
Methods

Study overview
The study was divided into two parts, with the Aerobics Center Longitudinal Study (ACLS) cohort forming the subject pool for both. In Part A, data reduction techniques were employed to identify dietary patterns from 3-day food records, which were related to clinical markers of chronic disease and mortality risk. In Part B, the risk of CVD and allcause mortality according to the dietary pattern score (identified in Part A) were determined. The potential confounding influence of physical activity and fitness on the relation between dietary patterns and mortality were considered.
Study population
The study sample consisted of 13 621 participants from the ACLS who completed a standardized medical examination and 3-day diet record between 1987 and 1999. The ACLS is a prospective, observational study of men and women who participated in a clinical examination at the Cooper Clinic in Dallas, TX, USA. ACLS participants are predominantly (495%) non-Hispanic white, well educated, employed in professional or executive occupations and of middle to high socio-economic status. Participants who did not achieve 585% of their age-predicted maximal heart rate on the treadmill test were excluded.
The standardized data collection procedures employed in the ACLS are described in greater detail in previous studies. 11, 16 Briefly, data collected included a medical history questionnaire, a thorough medical and physical exam, fasting blood chemistry analyses, symptom-limited maximal exercise test for the measurement of fitness and a dietary assessment. The medical history questionnaire was self administered and included a demographic, family history and personal health habits questionnaire. Physical examination procedures were conducted in a standardized manner by trained personnel. All participants gave written informed consent. The study was reviewed and approved annually by the institutional review board at the Cooper Institute. 10, 11, 17 Ethics approval for the completion of the secondary analyses for this study was granted by the Queen's University Health Sciences Ethics Review Board.
Part A: identification of dietary patterns Several different approaches can be used to measure individuals' dietary patterns, as reviewed elsewhere. 18, 19 Of the available methods, reduced rank regression (RRR) has been shown to be the best approach for developing dietary patterns that are predictive of chronic disease risk, 20 and was, therefore, employed here. RRR is a statistical data reduction technique that determines linear functions of predictors (e.g. food groups from diet records) by explaining as much variation as possible in a group of response variables (e.g. biomarkers that are in the pathways between the foods and health outcomes). 18, 19 Dietary variables (predictor variables for RRR) The dietary assessment consisted of a 3-day diet record that required respondents to keep detailed records of everything they ate over 2 pre-assigned weekdays and 1 weekend day. Participants were provided with written instructions on how to accurately describe foods and estimate portion sizes. Participants kept an on-going, real-time written record of foods consumed during and between meals, including assessing portion sizes in common household measures. Registered dieticians at the Cooper Clinic coded and analysed the diet records using the Cooper Clinic Nutrition and Exercise Evaluation system. 17 This provided detailed dietary information on the overall diet such as the number of foods consumed from specific food groups, total caloric content, the volume of micronutrients (vitamins and minerals) and the volume and caloric content of macronutrients (fat, protein, carbohydrate and alcohol).
For the purpose of this study, food items from the diet records were initially divided into specific food groups. For example, nut varieties (peanuts, cashews and almonds) were combined into an overall nuts variable. These food groups were then used as the predictor variables in the RRR analysis. The following 24 food groups were considered: alcohol, added sugar, cheese, milk, yogurt, added fats, citrus fruit, non-citrus fruit, non-whole grains, whole grains, legumes, eggs, seafood, processed meat, red meat, nuts, poultry, soy, deep-yellow vegetables, green vegetables, other vegetables, potatoes, starchy vegetables and tomatoes. Food components included within each food group are listed in Appendix 1A (available as Supplementary data at IJE online).
Clinical variables (response variables for RRR)
Eight biomarkers that are related to diet, predictive of chronic disease and mortality risk, available within the ACLS database, and routinely measured within the clinical setting were used as response variables in the RRR analysis. The biomarkers consisted of the body mass index [BMI ¼ weight (kg)/height (m) 2 ] as a measure of adiposity, blood pressure, total cholesterol, high-density lipoprotein (HDL)-cholesterol, triglycerides, uric acid, white blood cell count and fasting glucose. The response variables represent the biological pathways by which dietary patterns may influence chronic disease and mortality risk.
Height and weight were measured using a stadiometre and balance beam scale, respectively, and were used to calculate the BMI. Resting systolic and diastolic blood pressure were measured with a mercury sphygmomanometer following standard procedures. 16 Mean arterial blood pressure was calculated by adding two-third of diastolic to one-third of systolic blood pressure. 21 Fasting plasma levels of total cholesterol, HDL-cholesterol, triglycerides, white blood cell count and glucose were determined by automated techniques in the Cooper Clinic laboratory, which meets quality control standards of the Centres for Disease Control and Prevention Lipid Standardization Program. 16 Finally, serum uric acid was measured by the URCA method using a Dimension clinical chemistry system. 22 Part B: relation between dietary patterns with mortality The purpose of this section was to determine whether the dietary patterns identified in Part A were related to CVD mortality and all-cause mortality, and whether these associations were confounded by physical activity and fitness.
Cardiovascular disease and all-cause mortality After their baseline exam, participants were followed until they died, or until 31 December 2003. Possible decedents were identified from the National Death Index and verified with official death certificates from their home states. The National Death Index has a sensitivity of 96% and specificity of 100% in cohort studies. 23 A nosologist coded the death certificates for the underlying and up to four contributing causes of death. CVD mortality was defined by International Classification of Diseases, Ninth Revision (ICD-9) codes 390À449.9 before 1999 and Tenth Revision (ICD-10) codes I00ÀI78 from 1999 to 2003.
Covariates
Covariates included age, sex, year of examination, parental history of premature CVD (0 ¼ no, 1 ¼ either parent had stroke or myocardial infarction before age 50), history of cancer (0 ¼ no, 1 ¼ any form of cancer prior to baseline), prevalent CVD (0 ¼ no, 1 ¼ stroke or myocardial infarction prior to baseline), smoking (never, former and current), alcohol, physical activity and fitness. Alcohol was coded as heavy drinker (5 drinks or more/week) or light or non-drinker (less than 5 drinks/week). One unit of alcohol was defined as 12 ounces (3.41 dl) of beer, 5 ounces (1.42 dl) of wine or 1.5 ounces (0.43 dl) of liquor. Physical activity was measured through a self-report questionnaire, which assessed participant's physical activity patterns over the last 3 months. 24 If the participant reported partaking in an activity, they were asked to provide additional information about the frequency and distance or time spent in the activity. This information was then used to divide participants into three categories: (i) inactive (no activity); (ii) moderately active (sporting or leisure-time physical activity other than walking or jogging; or walk or jog up to 16 km/week); and (iii) highly active (walk or jog 516 km/week). 24 Cardiorespiratory fitness was assessed by a symptom-limited maximal exercise treadmill test using a modified Balke protocol. 25 Participants began walking on the treadmill with no elevation at 5.3 km/h. At the end of the first minute the elevation was increased to 2%. Thereafter, the elevation was increased 1% /min until the 25th minute. For the few participants who were able to continue 425 min, elevation remained constant and speed was increased each minute by 0.32 km/h. Participants continued the test to the limits of volitional fatigue. We defined low, moderate and high fitness according to the lowest 20%, the middle 40% and the upper 40%, respectively, of the age-and sex-specific distribution of maximal exercise duration in the overall ACLS population. These cut-points are from previous reports on the relation between fitness and all-cause mortality in the ACLS. 10 Because there is no widely accepted categorization of fitness, and because we wanted to maintain consistency in our study methods, we continue to use the above approach. Note that total energy intake was not included as a covariate in any of the regression analyses as we felt that this was, at least in part, within the causal pathway by which dietary patterns influence chronic disease and mortality risk. Furthermore, caloric intake is positively influenced by physical activity. 26 Regardless, inclusion of absolute (kcal/day) or relative (kcal/kg body weight/day) energy intake values as an additional covariate in the regression models had a negligible effect on the risk estimates that are presented (data not shown).
Statistical analysis
Part A: identification of dietary patterns RRR was used to identify dietary patterns that are predictive of chronic disease risk. RRR is a true multivariate statistical test in that several predictor and several response variables are included within a single analysis. The goal of RRR is to identify linear functions of the predictor variables (e.g. 24 food groups) by explaining as much variation as possible in the group of response variables (e.g. eight biomarkers indicative of chronic disease risk). 18, 19 In order to choose the number of dietary patterns, a random sample cross-validation procedure was performed 27, 28 in which 50 random subsets (each had 2% of the data randomly selected) were used as test sets. For each test set, the complete dataset, excluding observations in the test set, formed a training set. RRR was performed 50 times on the 50 different training sets. Their predictions to the observations in the corresponding test sets were summarized [predicted residual sum of squares (PRESS)] and compared with several different dietary patterns. The choice of the number of dietary patterns for use was based on the comparison of these PRESSes. Once the appropriate number of patterns was determined, those food groups with loadings of 50.2 within each dietary pattern were retained. 20, 29 RRR was then repeated using only those food groups retained.
Part B: relation between dietary patterns with mortality Quintiles of the dietary pattern scores developed in Part A were created. Significant differences across quintiles for the covariates were assessed using a 2 test for categorical variables and general linear model for continuous variables. Linear regression for continuous covariates and polytomous regression for categorical variables were further applied to identify trends across quintiles. 30, 31 Next, quintiles of the dietary pattern scores were used in a series of Cox proportional hazard regression analyses to predict the presence of CVD and all-cause mortality over the follow-up period. For each outcome, four models were run. The first model included age, sex and year of examination as covariates. In addition to these covariates, the second model included smoking, alcohol, parental history of CVD, prevalent CVD and history of cancer. The third model included the aforementioned covariates as well as self-reported physical activity categories. The fourth model differed from the third in that physical activity was replaced by fitness categories. To examine the extent to which physical activity and fitness confounded the effect of dietary patterns on chronic disease and mortality risk, we examined the magnitude of change in the hazard ratios when physical activity or fitness were excluded (Model 2) and included (Models 3 and 4) in the models. The proportion of the risk of a poor dietary pattern explained by the confounding effects of physical activity (or fitness) were then calculated as: (HR Model2 -HR Model3(or Model4) )/(HR Model2 -1) Â 100%.
Cox regression analyses also were used to examine the relationship between fitness categories, and combination of dietary and fitness categories, with the study outcomes.
Data management and statistical analyses were performed with SAS version 9.1 (SAS Institute, Cary, NC, USA).
Results
Part A: identification of dietary patterns Baseline characteristics of the participants are summarized in Table 1 . Participants were primarily male (75.7%) with an average age at baseline of 47 years (range 20À84). Based on self-reported physical activity, 49.1% of participants were moderately active, while 25.0% were highly active. Sixty percent, however, had a high cardiorespiratory fitness. The average caloric intake was 2151 kcal/day. Participants had an average BMI of 25.7 kg/m 2 , with 39.7% falling in the overweight range and 13.0% falling in the obese range. Within the cohort, 190 participants had a history of CVD and 792 had a history of cancer. Over the follow-up period there were 445 deaths within the cohort, 136 of which were attributed to CVD.
The correlation matrix between the biomarkers is shown in Table 2 . The correlations were weak to modest in strength, with the strongest found between BMI and uric acid (r ¼ 0.47) and the weakest between total cholesterol and HDL-cholesterol (r ¼ 0.06).
Results from the RRR suggested that five dietary patterns existed, with 18 of the 24 food groups having loadings of 50.2 for at least one of these patterns. Table 3 shows the percent variation in the multivariate biomarker index (labelled 'Total') and the eight individual biomarkers that were explained by the five identified dietary patterns. Together, the five patterns explained 5.66% of the variation within the total biomarker index. Pattern 1 explained 4.33% of the overall variation with the other four patterns only explaining an additional 1.33% between them.
It is important to note that the patterns that are derived from RRR are mutually independent. Thus, because the amount of variation explained by Pattern 1 accounted for 76.50% of the total variation explained, this pattern is focused on in the rest of the article. As is shown in Table 3 , Pattern 1 explained 10.17% of the variation in uric acid, 9.81% in BMI, 5.51% in HDL-cholesterol, 3.56% in triglycerides, 2.14% in white blood cell count, 1.69% in mean arterial pressure, 1.08% in glucose, and 0.70% in total cholesterol.
The six key food groups that contributed to dietary Pattern 1 (e.g. factor loadings 50.2 or more for Pattern 1) were added fats, non-whole grains, processed meat, red meat, white potato products and non-citrus fruits. Their respective loadings and correlation with the pattern score are shown in Table 4 . When considered amongst all 18 food groups, the six key food groups explained 76.4% of the variation in the pattern score; the most important contributors were meat and non-whole grains. More details about the other four derived dietary patterns are contained within Appendix 1B (available as Supplementary data at IJE online).
The RRR analysis was repeated after only including the six key food groups for dietary Pattern 1. The loadings and correlations for that analysis are also shown in Table 4 . Given the foods that contributed to this pattern and the direction of their factor loadings, this food pattern will be referred to as the 'Unhealthy Eating Index' for the remainder of the manuscript. The Unhealthy Eating Index score was based on the RRR analysis that was limited to the six key food groups in Table 4 .
Sensitivity analyses
Two different sensitivity analyses were conducted to test the robustness of the RRR findings. First, the RRR analysis was repeated eight times to a reduced set of response variables. In each instance one of the eight biomarkers was removed from the complete set. The first dietary pattern that was identified in these eight repeated RRR analyses was comparable with the first pattern that was identified using all eight response variables (e.g. the Unhealthy Eating Index). There were some minor exceptions. In particular, when BMI, HDL-cholesterol and white blood cell count were removed, yogurt, alcohol and poultry, respectively, also contributed to the dietary pattern.
Next, the sample was randomly split into half and separate RRR analyses were run in the two subsamples. The dietary pattern developed in the first subsample was identical to the Unhealthy Eating Index. The dietary pattern developed in the second subsample contained yogurt in addition to the six food groups found in the Unhealthy Eating Index.
Part B: relation between dietary pattern with mortality
The cohort was divided into quintiles based on the Unhealthy Eating Index developed in Part A. The characteristics of participants across Unhealthy Eating Index quintiles are shown in Table 5 . The quintiles were different from each other for each of the variables listed in the table. The mean age of participants decreased from quintiles 1 to 5 suggesting that younger participants had poorer dietary habits. Total caloric intake increased steadily across quintiles, with quintile 5 having absolute (kcal/day) caloric intake values that were 31.3% higher than quintile 1. Those in quintile 1 also had a lower BMI when compared with those in quintile 5 (24.3 vs 27.6 kg/m 2 ). The values of the remaining clinical variables also increased steadily from quintiles 1 to 5. Table 6 lists the results of the regression analyses in which quintiles of the Unhealthy Eating Index were associated with CVD and all-cause mortality over the follow-up period. After adjusting for age, sex and year of examination in Model 1, none of the hazard ratios for CVD mortality in quintiles 2À5 was appreciably different from quintile 1. For all-cause mortality, the risks were not elevated in quintiles 2À4 relative to quintile 1. However, quintile 5 had a modestly increased hazard ratio of 1.39 [95% confidence interval (CI) 1.02À1.90]. For each of the two outcome measures, further adjustment for family history of CVD, prevalent CVD, history of cancer, smoking and alcohol in Model 2 had a minimal impact on the risk estimates that were observed in Model 1. We next considered whether the relation between the Unhealthy Eating Index and all-cause mortality was confounded by physical activity (Table 6 , Model 3) and fitness (Table 6 , Model 4). The risk estimates for all-cause mortality did not change considerably after further controlling for physical activity (Model 2 vs Model 3); however, the risk estimates changed considerably after further controlling for fitness (Model 2 vs Model 4). Only 10.0% of the increased risk for all-cause mortality for participants within quintile 5 of the Unhealthy Eating Index was due to the confounding effect of physical activity. Conversely, 55.0% of the increased risk for all-cause mortality for participants in quintile 5 of the Unhealthy Eating Index was due to the confounding effect of fitness.
The differences in risk across high, moderate and low physical activity categories for model 3 in Table 6 were as follows: 1.00, 0.70 (95% CI 0.48À1.04) and 1.01 (95% CI 0.64À1.60) for CVD mortality; and 1.00, 0.89 (95% CI 0.71À1.11) and 1.16 (95% CI 0.89À1.49) for all-cause mortality. When looking at Model 4, the differences in risk across high, moderate and low fitness categories were: 1.00, 1.26 (95% CI 0.85À1.88) and 3.16 (95% CI 1.99À5.12) for CVD mortality; and 1.00, 1.32 (95% CI 1.06À1.62) and 2.41 (95% CI To further illustrate the independent effects of diet and fitness, participants were divided into groups based on their fitness and Unhealthy Eating Index. For this analysis, the Unhealthy Eating Index scores were grouped into three categories: low (quintiles 1À2), medium (quintiles 3À4) and high (quintile 5) in a similar but inverted manner to which the three fitness groups were created (e.g. the lowest quintile for fitness vs the highest quintile for the Unhealthy Eating Index indicate the highest-risk participants). The fitness and dietary pattern groups were then cross-tabulated to create nine total groups (three fitness Â three dietary pattern groups). As shown in Figure 1 , fitness was a strong predictor of all-cause mortality after consideration of the Unhealthy Eating Index (P trend <0.0001). Conversely, the Unhealthy Eating Index was only modestly related to allcause mortality after consideration of fitness (P trend ¼ 0.071). Thus, for any given level of fitness the risk of all-cause mortality was only modestly different across the Unhealthy Eating Index categories. No interactions between the fitness and unhealthy eating categories were found for all-cause mortality (P ¼ 0.26).
Discussion
In this large sample of men and women, one dominant dietary pattern emerged. This pattern, labelled the Unhealthy Eating Index, was characterized by a higher intake of red meat, added fat and simple carbohydrates, and a lower intake of non-citrus fruits. The Unhealthy Eating Index was associated with all-cause mortality risk; however, these relations were highly confounded by cardiorespiratory fitness.
Part A: identification of dietary patterns Principal component and cluster analyses have traditionally been used in nutrition research to derive dietary patterns. In principal component analysis, factor scores are derived by combining food items/groups based on the degree to which they are correlated with one another. In cluster analysis, groups of individuals with similar dietary habits are identified. Conversely, the RRR employed in the present study determined dietary patterns by identifying food groups that were predictive of chronic disease risk factors in a multivariate model. RRR is a mix of an exploratory and a hypothesis-oriented approach that is considered to be more methodologically sound than traditional approaches. 6 The Unhealthy Eating Index derived using RRR in the present study is similar to dietary patterns that have previously been derived using the same statistical approach. For example, within a large cohort of Calculated as the square of the standardized parameter score multiplied by 100%.
DIETARY PATTERNS AND THE RISK OF MORTALITY
European adults a dietary pattern characterized by high consumption of red meat, processed meat, poultry, non-whole grains, legumes, beer and sugary soft drinks, and a low consumption of fresh fruit was identified using glycosylated haemoglobin (HbA1c), HDL-cholesterol, C-reactive protein and adiponectin as the response variables. 32 Within the Coronary Risk Factors for Atherosclerosis in Women Study, a dietary pattern high in meat, margarine, poultry and sauce; and low in vegetarian dishes, wine, vegetables and whole-grain cereals was identified using HDL-cholesterol, low-density lipoprotein (LDL)-cholesterol, lipoprotein(a), C-peptide and C-reactive protein. 33 Within these two studies the food patterns explained 7.4 32 and 7.8% 33 of the variation in the response variables, which is slightly higher than the variation of 4.3% that was observed in the present study. This difference is likely due to the increased number of biomarker response variables (n ¼ 8) included in the current RRR analysis. That similar dietary patterns to the Unhealthy Eating Index were identified in different cohorts, despite the fact that Part B: relation between dietary pattern with mortality Within our study, higher Unhealthy Eating Index scores were not associated with a greater risk of CVD mortality. This may be a result of the low number of cardiovascular deaths that occurred in the cohort. It could further be explained by the fact that BMI and uric acid were the two biomarkers that were the most strongly related to the Unhealthy Eating Index, and that these biomarkers are stronger risk factors for chronic diseases such as diabetes 34, 35 than they are for CVD. [36] [37] [38] [39] Several recent studies have reported, increased risks of morbidity and mortality in relation to dietary patterns identified using RRR. 20, 33, [40] [41] [42] For example, Hoffmann and colleagues reported that individuals with unhealthy diets were 61% more likely to die of all causes than those with healthier diets. 20 Several studies using other methods to derive dietary patterns, such as principal component analysis, also have found moderate to strong relationships between dietary patterns with CVD 43, 44 and all-cause mortality. 45, 46 Although previous studies controlled for physical activity when examining the relation between dietary patterns with chronic disease and mortality risk, without exception these studies relied on self-reported measures of physical activity. For instance, McNaughton and colleagues examined dietary patterns that were predictive of diabetes within the Whitehall II study. 42 The physical activity questionnaire employed in that study asked participants how often they participated in sports or activates that were mildly energetic, moderately energetic or vigorous. Participants had four response options ranging from 'three times a week or more' to 'never/hardly ever'. Participants were then asked to give the average number of hours per week spent in each intensity. 47 Measuring physical activity as such is problematic as it is well established that both the volume and intensity of physical activity is likely to be over reported. 12 Moreover, questionnaire measures of physical activity are only modestly correlated with objective measures. 12, 13, 48 Thus, the confounding effects of physical activity on the relation between dietary patterns with chronic disease and mortality risk may not have been fully controlled for in the existing literature.
Cardiorespiratory fitness was used as a marker of physical activity in our study, and our findings concur that by employing an objective measure, we were better able to control for the confounding influence of physical activity. Although fitness has a genetic component, 49 fitness is in large measure a reflection of an individual's physical activity habits over recent months and weeks. 12, 17 The ACLS 6-month physical activity records obtained before an exercise test showed correlations ranging from 0.66 to 0.83 for the activity records and treadmill test results, indicating that fitness is primarily determined by recent exercise habits. 50 Within the present study, fitness was strongly related to the Unhealthy Eating Index and was a strong independent risk factor for the mortality outcomes examined, confirming that it was an important confounder to consider. Indeed, after controlling for fitness, the relation between the Unhealthy Eating Index and all-cause mortality was attenuated to the point that it was no longer significant. Conversely, after controlling for physical activity, the relation between the Unhealthy Eating Index and all-cause mortality was only minimally attenuated. These findings confirm the a priori research hypothesis, and suggest that future studies need to employ objective measures of physical activity.
As with any study, this one had several limitations. Self-reported dietary data are prone to a variety of unintentional measurement errors. One such bias that has become well established is a response set reflecting a tendency to present a diet that adheres more closely to social norms and public health recommendations. 7, 8, 51 The ACLS participants who completed 3-day diet records did so voluntarily with the knowledge that they would be reviewing their diet records with a dietician. Therefore, additional selection and reporting biases may have been introduced. Furthermore, 3 days of dietary intake may not be an accurate representation of habitual intake. Validation studies have suggested that obtaining diet records for a minimum of 7 days would be more appropriate for establishing long-term intake. 52, 53 Despite the limitations of the methods used to assess dietary intake, 3-day diet records have been shown to be a more accurate representation of actual food intake than food frequency questionnaires, 54, 55 which have been routinely used in similar studies. 32, 33, 40 In addition to the limitations inherent to the measurement of dietary intake, it is important to recognize that the generalizability of the results is restricted, given that the ACLS cohort is predominantly white and from middle and upper socio-economic strata. Nevertheless, the homogenous nature of the sample ensures internal control over factors such as ethnicity and socioeconomic status.
In conclusion, a dietary pattern high in processed meat, red meat, added fats, non-whole grains and white potato products and low in fresh fruit was a risk factor for all-cause mortality. However, the dietdisease relationship was largely confounded by fitness. Future research in nutritional epidemiology needs to develop improved methods for both measuring and controlling physical activity as well as diet.
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Supplementary data are available at IJE online. 
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Physical inactivity and poor diet are both commonly reported to be associated with a wide range of chronic diseases, including hypertension, type 2 diabetes, coronary heart disease (CHD) and stroke, and, together, contribute to substantial burden of disease. 1 Although it is well known that those who follow a healthy diet also frequently have higher levels of physical activity, which may lead to confounding, diet and physical activity may also share and affect many common biological disease mechanisms, such as blood pressure, lipids, glucose, inflammation and adiposity. Therefore, some questions still remain whether dietary associations are (i) confounded by physical activity, (ii) causally independent of physical activity and/ or (iii) obviated by physical activity superseding dietary effects in mutually shared intermediate disease pathways.
In this issue of the IJE, Héroux et al. 2 conducted a careful analysis to investigate the association of disease intermediate-derived dietary patterns and risk of mortality, and whether such a derived dietary pattern is associated with risk independent of physical activity. Conducted in a unique cohort comprising participants visiting an aerobic fitness centre, the authors used reduced rank regression (RRR) on a battery of biological intermediates-including body mass index, blood pressure, high-density lipoprotein and total cholesterol, triglyceride, fasting glucose, uric acid and white blood cell levels-to derive a dietary pattern score predictive of adverse levels of these intermediates. They found that adverse dietary pattern score associations were attenuated and the score was not predictive of mortality after controlling for self-reported physical activity and treadmill-assessed cardiorespiratory fitness levels in particular.
The findings, at first glance, appear to suggest that dietary associations with mortality are either confounded or trumped by physical activity. However, such a conclusion should be interpreted in the context of numerous previous epidemiological studies, where dietary factors have been found to be associated with risk of type 2 diabetes, CHD, stroke, cancer and mortality, independent of lifestyle factors including physical activity levels. 3 With a modest number of endpoints (136 cardiovascular deaths and 445 total deaths), statistical power of this analysis is somewhat limited, which may explain the lack of overall significant trends between the RRR dietary pattern and CVD and total mortality, even before adjustment for physical activity or fitness. Conceptually, because dietary factors may influence physical fitness directly or indirectly through body weight, it can be argued that dietary associations are mediated rather than simply confounded by physical fitness.
Diet is a highly complex exposure, which can be analysed in many ways, including macronutrient
